The objective of this research was to evaluate the effect of the fat substitution on the rheological properties of a fermented meat emulsion. A 2 2 factorial design was carried out with two levels each for a total of four treatments. The independent variables were: cassava starch and the pea fiber; the addition levels were 25 % and 50 % for first, 1.5 % and 3.0 % for second. A non-addition control also of these components was carried out. At the different meat emulsions, strain scanning tests were made to choose the deformation value (in the linear viscoelasticity range), which the frequency scanning was made in a range from 0.1 to 100 Hz. The temperature of the samples was kept at 25 ± 0.1 °C. The storage (G') and loss (G'') modulus and the tangent values of the phase angle (tan δ) were determined according to the frequency of deformation. It was observed the elastic modulus (storage modulus) predominated over viscous behavior. Furthermore, as the frequency increased, both modulus also increased, following a constant behavior, a semisolid phenomenon during all the analyzed frequency range. The frequency scanning curves indicated that the meat emulsions of the system model behaved like a weak gel. Cassava starch was the influence factor in the elastic and viscous modulus results.
Introduction
Meat and by-products are a good source of essential proteins with a high biological value. The high fat content in processed meat products is responsible for the desired nutrition and sensory attributes [1] , which are important for consumer acceptance. However, these products are often considered unhealthy by consumers due to the presence of saturated fats. The high consumption of saturated fats correlates positively with the increased incidence of cardiovascular disease and other physiological disorders. Therefore, the development of low-fat meat products with the desired attributes of low-fat meat products is a challenge for the meat industry [2] .
Low-fat meat products have been developed using some non-meat ingredients or vegetable oils such as unilna and bovine plasma proteins [3, 4] , by-product of pineapple and canola oil [5] , (Selani et al., 2016) , dietary fiber of sugar cane and preemulsified sesame oil, fish oil, milk proteins and carrageenan. However, the addition of non-meat ingredients and/or the substitution of animal fat by vegetable oil alter the rheological properties of the meat emulsion [6] . Consequently, the most important factor for the manufacture of low fat meat products is to avoid undesirable quality changes, especially the stability of the emulsion and the rheology of meat products.
Several treatment strategies have been implemented for the manufacture of possible meat-based functional foods those that improve fat content to promote better nutrition. Reducing fat content or replacing animal fat present in meat products are commonly used strategies to obtain products more in line with health recommendations. In other words, they contain lower proportions of saturated fatty acids [7] . The composition of the foodstuff together with its structure determines the rheology of the foodstuff. The rheology of food matrices has a significant weight in product development, quality control, sensory evaluation and equipment process design and evaluation. Oscillatory rheology measurements are often used to investigate the gelling or viscoelastic behavior of a system, since it is recognized that a solid can be differentiated from a liquid based on the frequency dependency of the storage and loss modulus of the system. Fundamental rheology tests provide critical information about time-dependent viscoelastic behavior and the molecular mechanisms that surround changes in structure when a protein undergoes gelification.
These tests can also give an idea of the changes in the microstructure of the emulsified sample. The mass of the minced muscle tissue represents, therefore, a mixture of fragments of fiber with an intact structure of myofilaments, membranes and sub-cellular particles, fat and connective tissue particles and the liquid properties of these suspended particles. The increase in the amount of water added to a homogenized muscle results in a non-linear decrease in the value of performance and viscosity. Increasing the water content is likely to reduce inter-actions between particle surfaces and decrease the viscosity of the liquid phase. The rheology of emulsified meats strongly depends on pH and both yield value and viscosity show a minimum between pH 5.0 and 5.5 [8] . The pH of this minimum corresponds to the isoelectric point of myosin and actomyosin.
This dependence on the pH of the flow properties of unsalted emulsified meat does not apparently reflect any change in the solubility of myofibrillary proteins, i. e. changes in the viscosity of the liquid phase, since the above-mentioned pH range, myofibrillary proteins are almost insoluble in the absence of added salt. In view of the above, the aim of this research was to study the effect of fat replacement on the rheological properties of fermented meat emulsions. 
Methodology

Raw material
Experimental design
A 2 2 factorial experimental design presented in Table 1 was performed, which shows two independent variables with two levels each for a total of 4 treatments. The independent variables are: cassava starch and pea fiber, the addition levels were 25%, 50% and 1.5%, 3.0%, respectively. 
Processing of fermented sausages
To prepare the sausages, ground pork, beef and fat were mixed. The mixture underwent a curing process (common salt and nitrated salt) for 30 min at a cooling temperature of 4°C. The ground meat was added to the cutter with the rest of the ingredients, adding also the bacterial strains which were previously prepared according to the methodology proposed by Acevedo, et al., [9] , until all the crops had a concentration of 108 CFU/mL on the Mc Farlan scale. The fine paste was stuffed into resistant synthetic covers in a hydraulic filler. All treatments were subjected to a temperature of 25°C for 24 h, then placed in a refrigerator at 25ºC and a relative humidity of 75%-80% for fermentation. Samples were analyzed at days 0, 3, 6 and 9 days.
Formulations
In order to carry out this study, four treatments were formulated with partial fat substitution by cassava starch; addition of pea fibre and starter cultures (L. sakeis + S. xlosus) in ratio (1:1) and a T1 control treatment. 
Viscoelastic characterization
10g samples were taken from each meat emulsion. The viscoelastic measurements were made on a TA AR 1500® (TA Instruments Ltda.) rheometer using concentric 40 mm plates. All samples were left at rest for 15 min to allow relaxation before testing. The different meat emulsions underwent deformation scanning tests to choose the value of the deformation (in the linear viscoelasticity range), at which the frequency scanning was performed in a range between 0.1 and 100 Hz. Sample temperature was maintained at 25±0.1°C. The assays were automatically controlled by the program TA Universal Analysis Version 5.2® connected to the rheometer. Rheological data analysis was performed using the Rheology Advantage Data Analysis Version5.7® software. The oscillatory tests were used to determine the storage (G') and leakage (G'') modulus and the tangent values of the phase angle (tan δ) as a function of the deformation frequency.
Results
The G' storage modulus indicates the magnitude of energy stored in the material or that is recoverable with each deformation cycle. On the other hand, the G'' loss modulus is a measure of the energy lost as viscous dissipation with each deformation cycle [10, 11] . It is observed that the elastic modulus (G' storage modulus) prevailed over the viscous behaviour (G'' loss modulus) (Figure 1 ). In addition, as the frequency increased, both modulus also increased, following a constant behavior, carrying out a semisolid phenomenon during the entire frequency range analyzed. The "weak" nature of the system is reflected in the slight frequency dependency of the modulus and the relatively low loss tangent (0.24 to 1 Hz) [12] . There is evidence that the control sample was the treatment that showed the least modulus of storage, because in its formulation had no pea fiber and cassava starch. In contrast, the G' 5 sample was the treatment with the highest elastic behavior obtained, since cassava starch was the ingredient that gave it the most compact character, while being more solid. Formulations with lower cassava starch content and higher fat content had lower elastic modulus G'. It has been suggested that if the storage modulus is larger, it reflects a strong particle-particle interaction or a stabilized network structure [13] . The same result reported Florez et al., [14] indicating that the samples with caseinate showed a stronger gel in a meat paste, showing that the starch contributed a certain degree of stability to the system. In addition, all samples exhibited mechanical solid-type spectra, i. e. greater G' storage capacity than the G'' loss modulus. Similarly Genccelap et al., [10] reported that the values of the storage modulus of studied meat emulsions were always higher than the loss modulus at each angular frequency (ω), which shows that meat emulsions have an elastic rather than viscous characteristic. Therefore, emulsions can be described as a weak gel or have a gel-like behavior. Indeed, it could be said that the meat emulsions of the system studied showed a behavior similar to a weak gel due to the positive and almost parallel slopes between each other (Figure 2 ). These same authors claimed that the addition of potato starch increased both the elastic and viscous modulus values of G' and G'', implying that the addition of starch contributes to the viscoelastic properties of meat emulsions, but only their elastic rather than viscous properties. Marcheti et al., [6] also reported that the storage modulus G' showed a predominantly elastic behavior, characteristic of weak gels, even for raw pastes [15] . In addition, the elastic modulus G' had higher values than the leakage or viscous modulus in the tested frequency range. The values of Tan of the phase angle, angle δ (Tan δ) = G´´ / G´ for the studied meat emulsions shown in Figure 3 . This is an additional measure that compares the amount of energy lost during oscillatory testing with the amount of energy stored during this period, and indicates whether elastic or viscous properties predominate [9] . There is evidence that in the control sample Tan δ was lower in the entire frequency range studied. In addition the treatment δ3 had greater Tan δ than the treatment δ2 during the first 25 Hz tested, having in its formulation equal amount of fat and cassava starch, but different percentages of fiber. Delgado-Pando et al., [7] indicated that the G' and G'' modulus were highly frequency-dependent, because they increased with increasing frequency, with pates being considered as a gelatinous material with a net consisting of an ordered structure with the consistency of a viscoelastic gel. In the Thin-Pando study the Tannery ranged from 12.97 to 15.08 in all samples, furthermore, the elastic modulus G´ was higher than the viscous modulus G´´ throughout the studied temperature range, indicating the formation of a gel net, but with an emulsion structures presence.
Conclusions
The storage modulus of all tested formulations always prevailed over the loss modulus. The control sample was the treatment with the highest elastic behavior. Cassava starch was the most influential factor in the results of the elastic and viscous modulus. Frequency sweep curves indicated that the meat emulsions in the model system behaved like a weak gel.
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